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(57) ABSTRACT 

The present disclosure relates to characterization of biologi 
cal samples. By way of example, a biological sample may be 
contacted with a plurality of probes specific for targets in the 
sample, such as probes for immune markers and segmenting 
probes. Acquired image data of the sample may be used to 
segment the images into epithelial and stromal regions to 
characterize individual cells in the sample based on the bind 
ing of the probes. Further, the biological sample may be 
characterized by a distribution, location, and type of a plural 
ity of the characterized cells. 
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QUANTITATIVE INSITU 
CHARACTERIZATION OF BIOLOGICAL 

SAMPLES 

BACKGROUND 

0001. The subject matter disclosed herein relates to 
immune profiling of biological samples. More particularly, 
the disclosed Subject matter relates to determining one or 
more immune cell characteristics of the biological sample, 
including a distribution, type and/or location of immune cells 
within the sample. 
0002 Various methods may be used in biology and in 
medicine to observe different targets in a biological sample. 
For example, analysis of proteins in histological sections and 
other cytological preparations may be performed using the 
techniques of histochemistry, immunohistochemistry (IHC). 
or immunofluorescence. 
0003. Many of the current techniques may detect a pres 
ence or concentration of biological targets without maintain 
ing information about original location of those targets within 
the sample. For example, certain techniques involve process 
ing the sample in Such a way that the original location infor 
mation is lost. Other techniques may involve assessing only a 
limited number of targets from a given sample Further analy 
sis of targets may require additional sampling from the Source 
(repeated biopsy) thereby limiting the ability to determine 
relative characteristics of the targets Such as the presence, 
absence, concentration, and/or the spatial distribution of mul 
tiple biological targets in the biological sample. Moreover, in 
certain instances, a limited amount of sample may be avail 
able for analysis or the individual sample may require further 
analysis. 

BRIEF DESCRIPTION 

0004. In one embodiment, a method for determining infil 
tration of multiple immune cell populations in a biological 
sample is provided. The method includes applying a plurality 
of probes to a biological sample in a sequential manner; 
acquiring image data of the biological sample representative 
of the respective plurality of probes bound to a respective 
plurality of targets in the biological sample, wherein at least 
one of the plurality of probes comprises an epithelium probe, 
a membrane probe, a cytoplasm probe, or nuclear probe spe 
cific for a cell nucleus and wherein at least one of the plurality 
of probes comprises an immune probe specific for an immune 
marker; segmenting epithelial and stromal regions of the 
sample to identify single cells within each region, wherein 
identifying individual cells in the epithelial region or the 
stromal region comprises using image data representative of 
the epithelium probe, the membrane probe, the cytoplasm 
probe, or the nuclear probe and wherein identification of cells 
in the stromal region comprises segmenting the epithelial 
region of the sample to generate an epithelial mask and clas 
Sifying regions not contained within the epithelial mask as 
one or more of the Stromal region or background; identifying 
immune cells among the single cells based on the image data 
representative of the immune marker, wherein identifying 
comprises reclassifying single cells in the sample as immune 
cells based on a signal from the immune probe above a thresh 
old value; and determining a distribution, location, and type 
of a plurality of immune cells in the biological sample. 
0005. In another embodiment, a system for assessing a 
biological sample from a patient is provided. The system 
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includes a memory storing instructions for: acquiring image 
data of a biological sample representative of a respective 
plurality of probes bound to a respective plurality of targets in 
the biological sample, wherein at least one of the plurality of 
probes comprises an epithelium probe, a membrane probe, a 
cytoplasm probe, or nuclear probe specific for a cell nucleus 
and wherein at least one of the plurality of probes comprises 
an immune probe specific for an immune marker, segmenting 
epithelial and stromal regions of the sample to identify single 
cells within each region, wherein identifying individual cells 
in the epithelial region or the stromal region comprises using 
image data representative of the epithelium probe, the mem 
brane probe, the cytoplasm probe, or the nuclear probe and 
wherein identification of cells in the stromal region comprises 
segmenting the epithelial region of the sample to generate an 
epithelial mask and classifying regions not contained within 
the epithelial mask as one or more of the stromal region or 
background; identifying immune cells among the single cells 
based on the image data representative of the immune marker, 
wherein identifying comprises reclassifying single cells in 
the sample as immune cells based on a signal from the 
immune probe above a threshold value; and determining a 
distribution, location, and type of a plurality of immune cells 
in the biological sample. The system also includes a processor 
configured to execute the instructions. 
0006. In another embodiment, a system for assessing a 
biological sample from a patient is provided. The system 
includes a memory storing instructions for: acquiring image 
data of a biological sample representative of a respective 
plurality of probes bound to a respective plurality of targets in 
the biological sample, wherein at least one of the plurality of 
probes comprises a nuclear probe specific for a cell nucleus 
and wherein at least one of the plurality of probes comprises 
an immune probe specific for an immune marker, segmenting 
epithelial and stromal regions of the sample to identify single 
cells within each region, wherein identifying individual cells 
in the epithelial region or the stromal region comprises using 
image data representative of the nuclear probe and wherein 
identification of cells in the stromal region comprises seg 
menting the epithelial region of the sample to generate an 
epithelial mask; and identifying immune cells in the epithelial 
region among the single cells based on the image data repre 
sentative of the immune marker, wherein identifying com 
prises reclassifying single cells in the epithelial region as 
immune cells based on a signal from the immune probe above 
a threshold value; The system also includes a processor con 
figured to execute the instructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. These and other features, aspects, and advantages of 
the present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 
0008 FIG. 1 is a block diagram illustrating an embodi 
ment of a system for assessing a biological sample according 
to an embodiment of the present disclosure; 
0009 FIG. 2 is a flow diagram of a quantitative in situ 
biological sample characterization according to an embodi 
ment of the present disclosure; 
0010 
0011 FIG. 4 is a flow diagram of an epithelial segmenta 
tion according to an embodiment of the present disclosure; 

FIG. 3 is an input to an epithelial segmentation; 
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0012 FIG. 5 is a plot of sensitivity thresholds for immune 
cell marker expression; 
0013 FIG. 6 is a panel of immune cell markers on a lung 
cancer case imaged on the same FOV, 
0014 FIG. 7 is a panel of immune cell markers on a 
melanoma case imaged on the same FOV, 
0015 FIG. 8 is a panel of immune cell and segmentation 
markers for a tissue microarray core for a colorectal cancer 
Case, 
0016 FIG. 9 is a plot of survival rates by age for a lung 
cancer cohort; 
0017 FIG. 10 is a model of survival rates using a quanti 

tative in situ biological sample characterization of cytotoxic 
T-lymphocytes in total leukocyte population (CD3 and CD8) 
of a lung cancer cohort according to an embodiment of the 
present disclosure; 
0018 FIG. 11A is a plot of survival rates by age; 
0019 FIG. 11B represents survival rates using a quantita 

tive in situ biological sample characterization of cytotoxic 
T-lymphocytes and patient age in a lung cancer cohort 
according to an embodiment of the present disclosure; 
0020 FIG. 12A is a plot of survival rates by age and stage; 
0021 FIG.12B represents survival rates using a quantita 

tive in situ biological sample characterization of cytotoxic 
T-lymphocytes, patient age and stage in a lung cancer cohort 
according to an embodiment of the present disclosure; and 
0022 FIG. 13 shows differential expression of CD68, 
CD163 and ALDH1 in the same macrophage cells in colon 
cancer tissue. 

DETAILED DESCRIPTION 

0023 The present disclosure relates to detecting cell dis 
tribution and quantification from biological samples. In one 
embodiment, the disclosed embodiments may be used to 
assess a cell profile of a biological sample. For example. Such 
techniques may be used to assess the sample and based on the 
assessment, diagnose a particular clinical condition (e.g., 
presence or absence of a disease or condition), provide a 
prognosis, direct therapy, and/or determine a cell distribution 
profile for a clinical condition based on the distribution and 
location of cells and/or cell types in the sample and their 
associated microenvironments. 
0024. In a particular example the disclosed embodiments 
may be used to determine an immune cell biodistribution in a 
Tumor microenvironment (TME). ATME includes an assort 
ment of cells and tissues of distinct lineage, including mutant 
tumor cells, blood vessels, lymph vasculature, fibroblasts, 
Smooth muscle, neurons, glial cells, diverse immune cells, 
and extracellular matrix proteins. The immune cell composi 
tion, functional orientation, density, and location of infiltra 
tion may influence the clinical outcome of the patients. For 
instance, CD4 T-lymphocytes may adopt different pheno 
types with different prognostic implications in diverse can 
cers and high level tumor infiltration by TH1-polarized CD4 
T-lymphocytes is often associated with a favorable prognosis. 
In contrast, high abundance of TH2, TH17 or T-regulatory 
polarized cells is often associated with a negative prognosis. 
CD8+ cytotoxic T-lymphocytes are commonly found in asso 
ciation with tumor antagonistic functions and therefore pre 
dictive of positive disease prognosis. Importantly, the defini 
tion of CD4 T-lymphocyte polarization status can only be 
achieved by establishing the presence or absence of expres 
sion of a constellation of multiple molecules in the same cells 
from the same sample. 
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0025 Hierarchical polarization is also seen in innate 
immune cells. For example, at least two phenotypes of mac 
rophages (M1 and M2) have been identified. Neutrophils 
have recently been associated with similar dual polarization 
(N1 and N2)13. M1 and N1 polarized cells are tumor antago 
nistic may be associated with improved prognosis. M2 and 
N2 are tumor promoting, and may be associated with a poor 
prognosis. Like CD4 T-lymphocytes, neutrophil and mac 
rophage polarization can only be defined by the measuring 
the expression of a constellation of molecules reflecting dif 
ferential activities amongst morphologically similar cells. 
0026. Accordingly, identification of a total number of 
immune cells may not provide a complete picture of a 
patient’s prognosis when certain types of immune cells are 
tumor promoting while other types are tumor antagonistic. In 
contrast, a distribution of particular types of immune cells, 
e.g., relative to one another and numbers of cells and types of 
cells in different locations such as stromal vs. epithelial or in 
proximity to tumor area residence may provide a more accu 
rate assessment of cancer progression. 
0027 Provided herein are techniques that identify a type, 
distribution, and location of a plurality of cells and/or cell 
biomarkers on a single tissue section profile. For example, the 
distribution of immune cells between epithelial and non 
epithelial regions of a sample may be determined. In turn, the 
profile of the immune biodistribution may be used to evaluate 
prognostic signatures in human cancers and disease tissue. 
Further, the location-specific information (e.g., epithelial or 
stromal) obtained by the protein multiplexing combined with 
the biomarker information on a single tissue sample can pro 
vide information regarding prognosis. 
0028. The present techniques may be performed in situ, 
for example, in intact organ or tissue or in a representative 
segment of an organ or tissue. In some embodiments, in situ 
analysis of targets may be performed on cells derived from a 
variety of sources, including an organism, an organ, tissue 
sample, or a cell culture. In situ analysis provides contextual 
information that may be lost when the target is removed from 
its site of origin. Accordingly, in situ analysis of targets 
describes analysis of target-bound probe located within a 
whole cell or a tissue sample, whether the cell membrane is 
fully intact or partially intact where target-bound probe 
remains within the cell. Furthermore, the methods disclosed 
herein may be employed to analyze targets in situ in cell or 
tissue samples that are fixed or unfixed. In situ techniques, 
Such as those provided herein, permit assessment of cell pro 
files in a particular microenvironment. Such methods may be 
in contrast to techniques in which the cell microenvironments 
are disrupted to conduct analysis. Further, the techniques 
facilitate cell level tissue loss. 
0029. The present techniques provide systems and meth 
ods for image analysis. In certain embodiments, it is envi 
Sioned that the present techniques may be used in conjunction 
with previously acquired images, for example, digitally 
stored images, in retrospective studies. In other embodi 
ments, the images may be acquired from a physical sample. In 
Such embodiments, the present techniques may be used in 
conjunction with an image acquisition system. An exemplary 
imaging system 10 capable of operating in accordance with 
the present technique is depicted in FIG. 1. Generally, the 
imaging system 10 includes an imager 12 that detects signals 
and converts the signals to data that may be processed by 
downstream processors. The imager 12 may operate in accor 
dance with various physical principles for creating the image 
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data and may include a fluorescent microscope, a bright field 
microscope, or devices adapted for Suitable imaging modali 
ties. In general, however, the imager 12 creates image data 
indicative of a biological sample including a population of 
cells 14, shown here as being multiple samples on a tissue 
micro array, either in a conventional medium, Such as photo 
graphic film, or in a digital medium. As used herein, the term 
“biological material' or “biological sample” refers to mate 
rial obtained from, or located in, a biological Subject, includ 
ing biological tissue or fluid obtained from a subject. Such 
samples can be, but are not limited to, body fluid (e.g., blood, 
blood plasma, serum, or urine), organs, tissues, biopsies, 
fractions, and cells isolated from, or located in, any biological 
system, such as mammals. Biological samples and/or biologi 
cal materials also may include sections of the biological 
sample including tissues (e.g., sectional portions of an organ 
or tissue). Biological samples may also include extracts from 
a biological sample, for example, an antigen from a biological 
fluid (e.g., blood or urine). The biological samples may be 
imaged as part of a slide. 
0030 The imager 12 operates under the control of system 
control circuitry 16. The system control circuitry 16 may 
include a wide range of circuits, such as illumination Source 
control circuits, timing circuits, circuits for coordinating data 
acquisition in conjunction with Sample movements, circuits 
for controlling the position of light sources and detectors, and 
so forth. In the present context, the system control circuitry 16 
may also include computer-readable memory elements. Such 
as magnetic, electronic, or optical storage media, for storing 
programs and routines executed by the system control cir 
cuitry 16 or by associated components of the system 10. The 
stored programs or routines may include programs or routines 
for performing all or part of the present technique. 
0031) Image data acquired by the imager 12 may be pro 
cessed by the imager 12, for a variety of purposes, for 
example to convert the acquired data or signal to digital 
values, and provided to data acquisition circuitry 18. The data 
acquisition circuitry 18 may perform a wide range of process 
ing functions, such as adjustment of digital dynamic ranges, 
Smoothing or sharpening of data, as well as compiling of data 
streams and files, where desired. 
0032. The data acquisition circuitry 18 may also transfer 
acquisition image data to data processing circuitry 20, where 
additional processing and analysis may be performed. Thus, 
the data processing circuitry 20 may perform Substantial 
analyses of image data, including ordering, sharpening, 
Smoothing, feature recognition, and so forth. In addition, the 
data processing circuitry 20 may receive data for one or more 
sample sources, (e.g. multiple wells of a multi-well plate). 
The processed image data may be stored in short or long term 
storage devices. Such as picture archiving communication 
systems, which may be located within or remote from the 
imaging system 10 and/or reconstructed and displayed for an 
operator, Such as at the operator workStation 22. 
0033. In addition to displaying the reconstructed image, 
the operator workstation 22 may control the above-described 
operations and functions of the imaging system 10, typically 
via an interface with the system control circuitry 16. The 
operator workstation 22 may include one or more processor 
based components, such as general purpose or application 
specific computers 24. In addition to the processor-based 
components, the computer 24 may include various memory 
and/or storage components including magnetic and optical 
mass storage devices, internal memory, Such as RAM chips. 
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The memory and/or storage components may be used for 
storing programs and routines for performing the techniques 
described herein that are executed by the operator worksta 
tion 22 or by associated components of the system 10. Alter 
natively, the programs and routines may be stored on a com 
puter accessible storage and/or memory remote from the 
operator workstation 22 but accessible by network and/or 
communication interfaces present on the computer 24. The 
computer 24 may also comprise various input/output (I/O) 
interfaces, as well as various network or communication 
interfaces. The various I/O interfaces may allow communi 
cation with user interface devices, such as a display 26, key 
board 28, mouse 30, and printer 32, that may be used for 
viewing and inputting configuration information and/or for 
operating the imaging system 10. The various network and 
communication interfaces may allow connection to both local 
and wide area intranets and storage networks as well as the 
Internet. The various I/O and communication interfaces may 
utilize wires, lines, or Suitable wireless interfaces, as appro 
priate or desired. 
0034 More than a single operator workstation 22 may be 
provided for an imaging system 10. For example, an imaging 
scanner or station may include an operator workstation 22 
which permits regulation of the parameters involved in the 
image data acquisition procedure, whereas a different opera 
tor workstation 22 may be provided for manipulating, 
enhancing, and viewing results and reconstructed images. 
Thus, the image processing, segmenting, and/or enhance 
ment techniques described herein may be carried out 
remotely from the imaging system, as on completely separate 
and independent workstations that access the image data, 
either raw, processed or partially processed and perform the 
steps and functions described herein to improve the image 
output or to provide additional types of outputs (e.g., raw 
data, intensity values, cell profiles). 
0035. The computer analysis method 40 used to analyze 
images is shown in FIG. 2. It should be understood that the 
method 40 may also be used with stored images that are 
retrospectively analyzed. Typically, one or more images of 
the same sample may be obtained or provided. In step 42, the 
biological sample is prepared by applying a plurality of 
probes. In one embodiment, the probes are applied in a 
sequential manner. The probes may include probes for iden 
tifying cellular regions such as the cell membrane, cytoplasm 
and nuclei. In such an embodiment, a mask of the stromal 
region may be generated, and using curvature and geometry 
based segmentation (step 44), the image of the compartment 
marker or markers is segmented. For example, the membrane 
and nuclear regions of a given tumor region may be demar 
cated. The cytoplasm may be designated as the area between 
the membrane and nucleus or within the membrane space. 
Any number and type of morphological markers for segmen 
tation may be used. 
0036 FIG. 2 is a flow diagram of one embodiment of a 
technique 40 for assessing a biological sample as provided 
herein. At step 42, one or more probes is applied to the 
biological sample 14. The probe may be applied as part of a 
multi-molecular, multiplexing imaging technology Such as 
the GE Healthcare MultiOmyxTM platform. For example, the 
probe may be applied and an image maybe acquired at step 44 
by the imaging system 10. The image may be in the form of 
image data that is representative of the probe bound to the 
target of interest on the sample. Rather than use a separate 
slide or section to then assess a second probe relative to the 
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first probe, e.g., via image registration techniques on the 
acquired images, the probe may be inactivated, e.g., via a 
chemical inactivation, at Step 46 before application of a Sub 
sequent second probe. The method 40 then returns to step 42 
for sequential probe application, image acquisition, and 
probe inactivation until all of the desired probes have been 
applied. In particular embodiments, the disclosed techniques 
may be used in conjunction with any number of desired 
probes, including 2, 3, 4, 5, 6, 7, 8, 9, 10 or more probes per 
sample. Accordingly, the acquired image data 48 represents a 
plurality of images, and individual images within the data 
may be associated with a detected intensity of a particular 
probe. In one embodiment, the sequential probe imaging may 
be performed as disclosed in U.S. Pat. No. 7,639,125, which 
is incorporated by reference herein in its entirety for all pur 
poses. During the sample handling, certain quality control 
steps may be taken to account for marker staining variability. 
For example, replicates may be stained. 
0037. At step 50, the image data 48 is segmented to iden 

tify individual cells. For example, for a sample including a 
tumor, the sample may be segmented into epithelial and stro 
mal regions, and individual cells within the epithelial region 
and the stromal region may also be identified. In a particular 
embodiment, the probes may include probes to immune 
markers as well as probes specific for segmenting markers 
and morphological markers, e.g., epithelium probes, mem 
brane probes, cytoplasmic probes, and/or nuclear probes. 
Accordingly, the image data 48 may include information to 
facilitate segmenting as well as information to identify 
immune cell types. The method 40 may include one or more 
quality control features to exclude poorly stained markers or 
poorly segmented spots. Further, the identification of indi 
vidual cells may include quality control features such as 
thresholds to exclude certain cells based on staining or signal 
quality. Once the individual cells are identified, cells that are 
immune cells, or any other type of cell, may be identified 
using the image data 48 of the bound probes specific for 
immune cell markers. For example, while a tumor cell sample 
may be mostly made up of epithelial cells, there may be some 
immune cells that have been recruited to the area. Based on 
the type of tumor and the stage of progress, certain immune 
cells may infiltrate the epithelial regions of the tumor. 
Accordingly, by determining the location of the immune cells 
at Step 54 (e.g. epithelial vs. Stromal), along with the specific 
types of cells in the sample at step 52 (e.g., B cell, T cell, 
neutrophils, macrophages) as well as the relative numbers of 
immune cells of each type, the method 40 may determine a 
clinical characteristic of the sample at step 56. 
0038. The method 40 may also provide an output related to 
the clinical characteristic, for example via a display associ 
ated with the system 10 or stored in a memory of the system 
10. The output may include one or more of a histogram, 
boxplot, density plot, violin plots, or numerical values corre 
sponding to Such plots. In one embodiment, the output may be 
an immune profile of the sample. The immune profile may 
include a total number of all immune cells in the sample 
and/or in the epithelial and stromal regions, a total number of 
each type of immune cell in the sample and/or in the epithelial 
and stromal regions, or a histogram of the immune cell types 
in the sample and/or in the epithelial and stromal regions. 
Further, for each type of immune cell that includes subtypes 
(e.g., N1 and N2 cells), the immune profile may also include 
distribution and location information for immune cell sub 
types. In addition to identification of immune cells as being 
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stromal or epithelial, the present techniques may also assess 
location relative to a tumor edge or infiltration into the tumor. 
Such assessment may be made using detected borders or 
other features via appropriate segmentation techniques. In 
one embodiment, the output may be a single marker expres 
sion average for epithelial, stromal, and whole image regions. 
The output may also include metrics Such as skewness, a 
standard deviation, or coefficient of variation of the marker 
distribution. In another embodiment, the output may also 
include a percentage of positive cells in Stromal, epithelial, 
and whole image regions that may also include additions of 
manual data. For example, once the image is segmented to 
identify cells and to identify marker distribution, an end user 
may then perform a manual quality check and add or remove 
cells. 

0039. In one embodiment, the technique may be used to 
assess an unknown clinical condition by comparing the 
immune profile of a biological condition to one or more 
reference profiles of known clinical conditions. The reference 
profiles may be stored in the memory of the system 10. In such 
an example, the immune profile may be used for providing a 
diagnosis. In another embodiment, the immune profile may 
be used to determine if a therapy is working. For example, 
certain therapies may be designed to recruit immune cells to 
tumor tissues, e.g., T cell therapy. Accordingly, immune pro 
files taken before and after treatment may be used to deter 
mine if the therapy is working. In another embodiment, the 
immune profile may be used to assess if a particular type of 
therapy is likely to be successful. 
0040. Further, the immune profile may also provide infor 
mation on linked markers to identify particular clinical con 
ditions. For example, certain markers may be co-localized in 
particular disease states. In addition, certain markers may be 
assessed in groups for quality or confidence metrics. In one 
embodiment, a cell type may be identified by multiple marker 
profiles using clustering. 
0041 Turning to the segmentation of the image data, stro 
mal-epithelial segmentation may include epithelium— 
stroma segmentation tissue classification, stroma cell seg 
mentation and quantification, and stroma cell phenotype 
clustering. Stroma segmentation may be performed by using 
the following markers: i) DAPI (nuclei) marker and ii) a 
number epithelium markers (e.g., one or more epithelium 
marker). FIG. 3 shows an image input to a segmenting algo 
rithm of DAPI marker 60 and epithelium markers 62. An 
implementation of the epithelium segmentation algorithm 70 
is shown in FIG. 4. First, nuclei are detected from the DAPI 
marker at step 72. Then, epithelium tissue is globally detected 
from the epithelium markers at step 74. If more than one 
epithelium marker is provided, the information from the mul 
tiple markers will be fused to produce a super-epithelium 
image. Then, the epithelium tissue is detected by Smoothing 
the image and automatically applying an optimal global 
threshold at step 76. Finally, the detected DAPI is utilized to 
fill-up small gaps from the super-epithelium marker at step 78 
to yield a segmented image 80 (FIG. 3). 
0042. The stromal segmentation may be performed using 
probabilistic-based methods, such as those provided in U.S. 
Pat. No. 8,300,938 to Ali Canet al., whereas the epithelium 
cell segmentation may be performed as the method provided 
in the U.S. patent application entitled “Systems And Methods 
For Multiplexed Biomarker Quantitation Using Single Cell 
Segmentation On Sequentially Stained Tissue'. Ser. No. 
13/865,036 filed Apr. 17, 2013. Two-class clustering may be 
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used to differentiate between cells with low and high DAPI 
signal using intensity followed by a log transform of the 
intensity. Alternatively, detected cells may be assessed by 
estimating global thresholds from the mean intensity value of 
the cell to identify the positive DAPI nuclei in the stroma. For 
cell phenotype clustering, at least two methods can be used: a) 
unsupervised, moments and percentile derived thresholds, 
and b) supervised methods. For the supervised method, a 
Small number of test case images (5-10% of all images) are 
randomly selected. In each image, Small regions are selected 
and marked either positive or negative in an image visualiza 
tion and quantitation Software package. The biomarker stain 
ing intensity in the positive regions form a distribution of 
signal and the staining intensity in the negative regions form 
a distribution of background. To derive the cutoffs the follow 
ing steps were used: 

0043 1. For each marker, on each slide, get x=median 
(for negative regions)+3*Median absolute deviance 
(MAD) (for negative regions) 

0044) 2. For each marker, on each slide, get y—min(for 
positive regions) 

0045 3. Cutoff max (x, y), if x/y is not available, take 
y/x. 

For one unsupervised method, two thresholds were consid 
ered: low data threshold (representing high sensitivity) and 
high data threshold (representing high specificity). FIG. 5 
represents boxplot analysis of immune cell marker expres 
sion in Stroma yielding high specificity threshold. In another 
unsupervised method, moments and hotspots of the single 
cell data are used to estimate the immune cell distributions in 
the epithelial and stromal regions, as well as in the total 
image. Moments are defined as median, mean, standard 
deviation, skewness, and coefficient of variation. Hotspots 
are defined as the proportion of cells in the region to be 
analyzed that exceed some population derived percentile (set 
to 90% in the described CRC analysis). These analyses give a 
continuous measurement of different immune cell features. 
0046. In one embodiment, the epithelial mask is first gen 
erated, and the edge of the mask determined. This edge rep 
resents the border of tumor to Stroma and the cartesian posi 
tions encompassing this edge are used to generate distance 
metrics of immune cells to tumor border. The distance from 
this point can be then fixed to an arbitrary distance to cover 
multiple cell widths (for example 50 microns) and density of 
the cells within this distance and relative distribution of sub 
types determined 

EXAMPLES 

0047 Multiplexing technology from GE was applied on 
slides consisting of colon, lung or melanoma tissue microar 
ray (TMA) to map multiple protein expressions of non-neo 
plastic cells (panel of immune biomarkers and segmentation 
markers) in the tumor microenvironment. Multiple targets 
were applied on a single tissue section. 
0048 Lung TMA: Tristar 69571 118 NSCLC prognosis 
tissue array was used which had tissues from 144 European 
male smokers along with patient information. Slides (#1167) 
containing various clinic pathological information like histo 
logic types, stage, age, sex, predominantly from Squamous 
and adenocarcinoma were selected for immune profiling. 
Melanoma TMA: Pantomics MEL961 Melanoma tissue 
array contained 48 cases of primary and metastatic cancer in 
duplicates. Colorectal Cancer TMA: Colorectal cancertissue 
microarrays were provided by Clarient INC. The colorectal 
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cancer cohort was collected from the Clearview Cancer Insti 
tute of Huntsville, Ala. from 1993 until 2002, with 747 patient 
tumor samples collected as paraffin embedded specimens. 
The median follow-up time of patients in this cohort is 4.1 
years, with a maximum of over ten years. Stage 2 patients 
were 38% of this cohort, stage 1 and 2 combined were 65% of 
total patients. 
0049 TMA scan plan: FOV were chosen (1-4 spots) from 
each tissue core of TMA and imaged under 20x objective in 
Olympus scope. Lung TMA: The multi-round staining for 
this study consisted of 8 immune biomarkers (CD3, CD4. 
CD8, CD20, CD68, CD163, CD11c, FoxP3), one stromal 
marker (Vimentin) and 4 segmentation markers for down 
stream analysis. Melanoma TMA was stained with 8 immune 
markers (CD3, CD4, CD8, CD20, CD68, CD163, CD11c, 
FoxP3), one stromal marker (Vimentin) and 3 segmentation 
marker for downstream analysis. Colorectal Cancer TMA: 
this TMA was stained with 7 immune markers (CD3, CD8, 
Claudin1, CD68, CD163, CD20, CD79) for immune cell 
profiling, 4 stromal cell markers (CD31, SMA, Collagen IV. 
Fibronectin) and 3 segmentation markers for downstream 
analysis. 

0050. Two large tissues whole mount tissue section from 
Pantomics were used (a) Breast cancer (b) colon cancer. 
FFPE slides were baked at 65 C for 1 hour. Slides then went 
through the process of de-paraffinization with Histochoice 
clearing agent (Amresco), rehydration by decreasing EtOH 
concentration washes followed by antigen retrieval process. 
An in house 2-step antigen retrieval method was used. Slides 
were incubated in PBS with 0.3% Triton X-100 for 10 min 
utes at ambient temperature before blocking against non 
specific binding with 10% donkey serum in 3% BSA: 1XPBS 
overnight at 4 C. Slides were washed sequentially in PBS, 
PBS-TritonX-100, and then PBS again for 10 minutes each 
with agitation. 
0051 All TMA slides were stained and scanned under 
Olympus microscope. A scan plan was generated for each 
slide. 

0.052 Lung TMA: The multi-round staining for this study 
consisted of 8 immune biomarkers (T cell, B cell, macroph 
age and DC), 4 segmentation markers, 1 stromal marker and 
1 blood vessel marker. The tissue was bleached and imaged 
after every round of staining for first 5 rounds. Cy3 and Cy5 
direct conjugate antibody pairs were used in each round as 
shown in Table 1. 

TABLE 1 

Cell types in Lung Cancer Analysis 

Marker Cell? feature type 

CD3 all T-lymphocytes 
CD4 Helper T-lymphocytes 
CD8 cytotoxic T-lymphocytes 
FOXP3 T-regulatory 

lymphocytes 
CD2O B-lymphocytes 
Claudin1 neutrophils 
CD68 macrophages 
CD163 macrophages 
ALDH1 variable cell types 
CD31 Endothelial cells 
Vimentin mesenchymal cells 



US 2015/O 133321 A1 

0053 Melanoma TMA: This TMA was stained with 8 
immune markers, 1 blood vessel markers and 3 segmentation 
markers. The antibody round are shown in Table 2. 

TABLE 2 

Cell types in Melanoma Analysis 

Marker Cell? feature type 

CD3 all T-lymphocytes 
CD4 Helper T-lymphocytes 
CD8 cytotoxic T-lymphocytes 
FOXP3 T-regulatory 

lymphocytes 
CD2O B-lymphocytes 
CD11c dendritic cells 
Claudin1 neutrophils 
CD68 macrophages 
CD163 macrophages 
ALDH1 variable cell types 
CD31 Endothelial cells 

Colorectal Cancer TMAS: Three CRC TMAS were stained 
with 16 markers relevant to immune cell profiling in human 
tissues: 7 immune cell markers (CD3, CD8, Claudin1, CD68, 
CD163, CD20, CD79); 4 stromal cell markers (CD31, SMA, 
Collagen IV. Fibronectin); 4 segmentation markers (Na+K+ 
ATPase, Ribosomal Protein S6, pan-Cytokeratin, and DAPI): 
ALDH1 is a functional marker that is expressed by varying 
cell types including immune cells (Table 3). 

TABLE 3 

Cell types in Colorectal Cancer Analysis. 

Marker Cell? feature type 

CD3 all T-lymphocytes 
CD8 cytotoxic T-lymphocytes 
CD2O B-lymphocytes 
Claudin1 neutrophils 
CD68 macrophages 
CD163 macrophages 
ALDH1 variable cell types 
SMA Smooth muscle cells 
Fibronectin Extracellular matrix 
Collagen 4 Extracellular matrix 
CD31 Endothelial cells 

0054 For indirect detection of bound primary antibodies, 
species-specific Cy3-or-Cy5-conjugated donkey secondary 
antibodies were obtained from Jackson ImmunoResearchand 
used at a dilution of 1:250. Primary antibodies were directly 
conjugated to either Cy3-or-Cy5 (GE Healthcare) or pur 
chased as the Cy3 conjugate (see above). If not supplied in 
purified form, Protein A or GHPSpinTrap or HiTrap columns 
(GE Healthcare) were used following the manufacturer's pro 
tocols to purify the antibody prior to conjugation. After puri 
fication, the concentration was adjusted to 0.5-1.0 mg/mL and 
the pH was adjusted to 8.2-9.0 with 1.0 M sodium bicarbonate 
to a final bicarbonate concentration of 0.1 M. A small amount 
of N-hydroxysuccinimidyl (NHS)-ester dye was dissolved in 
anhydrous DMSO and the concentration was determined by 
measuring the absorbance of a 1:250 dilution of dye stock in 
1xPBS at the appropriate wavelength on a ND-1000 spectro 
photometer (NanoDrop Technologies). The appropriate 
amount of reconstituted NHS-dye was added to each reaction 
to yield a ratio of 2, 4, or 6 dye molecules per antibody and the 
reaction was left in the dark at room temperature. After 90 
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minutes, the reactions were terminated, bufferexchanged and 
purified using Zeba desalting columns (Pierce) that had been 
equilibrated with 1xPBS buffer. The conjugation efficiency 
(dyes/antibody) was measured on a ND-1000 spectropho 
tometer using the appropriate absorbance measurements and 
the following equations (assuming a 1 cm. path length in 
spectrophotometer). Dye concentration correction factors 
were included to measure Ab: 

Ab(uM)=(A280-(0.08A550)/0.210 for Cy3 

Ab(uM)=(A280-(0.05*A650)/0.210 for Cy5 

Cy3(uM)=A550/0.15 

Cy5(uM)=A650/0.25 

Solutions were stabilized with BSA (0.2%, final concentra 
tion) and azide (0.09%, final concentration). Fluorescence 
intensities were collected for direct conjugates by preparing 
50 nMantibody solutions and reading intensities on a BioRad 
FX Imager using the appropriate filter sets. Antibody dilu 
tions for staining tissue were determined empirically for each 
antibody. 
0055 FFPE tissue samples or tissue arrays were baked at 
65° C. for 1 hour. Slides were de-paraffinized with Histo 
choice clearing agent (Amresco), rehydrated by decreasing 
EtOH concentration washes, and then processed for antigen 
retrieval. A 2-step antigen retrieval method was developed 
specifically for multiplexing with FFPE tissues which 
allowed for the use of antibodies with different antigen 
retrieval conditions to be used together on the same samples. 
Samples were then incubated in PBS with 0.3% TritonX-100 
for 10 minutes at ambient temperature before blocking 
against non-specific binding with 10% donkey serum, 3% 
BSA in 1xRBS for 45 minutes at room temperature. Primary 
antibodies were diluted to optimized concentrations (typical 
range 0.1-10 g/ml) and applied for 1 hour at room tempera 
ture or O/N at 4° C. in PBS/3% BSA. Samples were then 
washed sequentially in PBS, PBS-TritonX-100, and then 
PBS again for 10 minutes each with agitation. In the case of 
secondary antibody detection, samples were incubated with 
primary antibody species-specific secondary Donkey IgG 
conjugated to either Cy3 or Cy5. Slides were then washed as 
above and stained in DAPI (10LL/ml) for 5 minutes, rinsed 
again in PBS, then mounted with antifade media for analysis. 
For the dye cycling process, following image acquisition, 
coverslips were floated away from the samples by soaking the 
slides in PBS at room temperature. 
0056. The general dye inactivation protocol used with tis 
Sues or cells was as follows: After image acquisition from a 
round of staining, slides were immersed in PBS to allow the 
cover slip to float off the slide. Samples were further washed 
in PBS and PBS/0.3% TritonX-100 and then dye inactivation 
was performed as previously described in U.S. Pat. No. 7,741, 
045, which is incorporated by reference in its entirety herein. 
Briefly, slides were immersed in an alkaline solution contain 
ing H2O for 15 minutes with gentle agitation at room tem 
perature. After 15 minutes, the slide was washed again with 
PBS. The sample was then either imaged to check the efficacy 
of the dye inactivation or re-stained with another round of 
antibodies followed by another round of image acquisition. 
0057 Antibodies were selected on the basis of 1) staining 
specificity and sensitivity in indirect immunofluorescence, 2) 
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compatibility with the two-step antigen retrieval method 
described above, 3) resilience in 1, 5 and 10 rounds of dye 
inactivation chemistry. Specificity tests included (where 
applicable to the antibody) immunogen peptide blocking 
prior to incubation with tissue, drug-treated fixed cell lines, 
fixed cell lines with gene amplification or deletion, phos 
phatase treatment of samples to verify phosphospecificity, 
and visual inspection of expected localization patterns. Fluo 
rescent dyes were conjugated to the primary antibody at sev 
eral initial dye Substitution ratios and specificity of each con 
jugate was verified and sensitivity was compared to levels 
found in previous experiments. 
0058 Images were obtained using an Olympus IX81 
inverted fluorescence microscopy platform. The system was 
equipped with Prior illuminator—LumenPro 220 for flores 
cence excitation, and an H117 ProScanTM Flat Top Inverted 
Microscope stage from Prior. DAPI, FITC (used for Cy2 
imaging), Cy3, and Cy5 filters were from Semrock and 
matched to specifications for the equivalent filters used on the 
Zeiss platform. Images were acquired at 20x magnification 
using Olympus USPlan Apo 20x0.75 NA objective and QIm 
aging Retiga 4000DC Cooled CCD camera and saved as 
12-bit gray-scale TIFF images. 
0059. The multiplexed experiments were set up such that 
nuclear (DAPI) images were acquired at each step. The 
nuclear images in each step were then registered to the 
nuclear images of a reference (typically the first) step, and 
images of all other channels were shifted accordingly. The 
rigid registration, involving only translation and rotation 
parameters, was performed in two steps. First, global trans 
lation parameters (no rotation) were computed using normal 
ized correlation in the Fourrier domain. Normalized correla 
tion guarantees a close-to-optimal Solution even if the 
misalignment of the tissues is large from one step to another, 
and the computation was performed in the Fourrier domain 
for speed benefits. In the second step which involves rotation, 
normalized mutual information metric was used for the reg 
istration, starting from the initial translation obtained by 
Fourrier transform. Mutual information was robust to inten 
sity differences between images. 
0060 Autofluorescence was removed with an image of the 
unstained sample is acquired in addition to the stained image. 
The unstained and stained images were normalized with 
respect to their exposure times and the dark pixel value (pixel 
intensity value at Zero exposure time). Each normalized 
autofluorescence image was then Subtracted from the corre 
sponding normalized stained image. 
0061 Following multiplexing, the data went through the 
following image processing steps. (1) Slide normalization (2) 
image registration (3) autofluorescence removal (4) single 
cell segmentation (5) image visualization QC to check for 
segmentation flaws or marker stain flaws (6) data visualiza 
tion QC to check for global marker distribution and (7) 
stromal analysis quantification 
0062 Stromal Analysis: To identify stromal region, first 
epithelial region of the cancerous tissue was segmented, fol 
lowed by a generalized wavelet-based nucleus segmentation 
detection of the Stromal region. For cell phenotype clustering 
classification, two methods were used: a) unsupervised, 
moments and percentile derived thresholds, and b) supervised 
methods. 
0063. Image visualization was performed after the images 
were processed through server and uploaded on GE propri 
etary visualization Software where co registered merged 
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images for multiple proteins were generated. Cell network, 
protein co-localization, spatial resolution of various cell types 
and features in tumor microenvironment were visualized, 
recorded and presented. 
0064. Threshold selection: A threshold of 1200 was used 
for all 5 immune biomarkers (CD3, CD4, CD8, CD20 and 
CD68) to increase specificity in the lung cancer TMA. A 
higher threshold will select immune cell marker positive cells 
with higher confidence. The value 1200 was chosen based on 
the box-plot analysis of overall immune marker expression in 
stromal tissue across all cores (FIG.-5). Specifically, the 
quantiles for each immune marker was computed and the 
expression value greater than or equal to 1200 corresponding 
to the 87.5% quantile was selected. Higher or lower specific 
ity may be selected, and this threshold value may change 
correspondingly (for example, 2400 for ~95% quantile and 
300 for 50% quantile, as shown in FIG. 5). 
0065 FIG. 6 represents five immune cell markers, (T cell, 
B cells and macrophage), one blood vessel marker, and four 
segmentation markers taken from a single case of lung cancer. 
FIG. 7 is a panel of five immune cell markers (T cell, B cells 
and macrophage), one blood vessel marker, and three seg 
mentation markers taken from a single case of melanoma. 
FIG. 8 shows selected microenvironment features in a TMA 
core from a colorectal cancer. 

0066. Immune system predominantly exhibits two kinds 
of responses: innate and adaptive. Innate responses are rep 
resented by macrophages, neutrophils, basophils, eosino 
phils, dendritic cells (DCs), natural killer (NK) cells and NK 
T cells, whereas T cells like CD4+ T helper cells and CD8+ 
cytotoxic T cells exhibits adaptive immune response. Innate 
cells such as macrophages, mast cells and neutrophils can 
contribute to tumor angiogenesis. Tumor infiltration by Such 
cells often correlates with a poor prognosis whereas infiltrat 
ing lymphocytes often correlates with a favorable prognosis. 

0067 Tristar 69571 118 NSCLC prognosis tissue array 
with patient information was used for data analysis. Stromal 
segmentation QC check for each core was done and final 
cores were down selected. Five percent of the cores were 
discarded based on the following criteria (a) Low Stromal area 
in the FOV (b) DAPI over segmentation due to tissue quality 
(c) FOV with weak DAPI stain. The following analyses were 
done with lung panel data: Prognostic clinicopathological 
variables as predictors of disease specific Survival; Cancer 
Subtype analysis of adenocarcinoma and squamous carci 
noma cores; Survival analysis; Prognostic clinicopathologi 
cal variables as predictors of disease specific Survival. 
0068. In the lung study an univariate analysis of associa 
tion between clinicopathological variables and patient Sur 
vival (alive or non-tumoral death versus tumoral death) was 
performed by fitting a Cox-proportional hazard model and 
assessed the statistical significance by the likelihood-ratio 
test. Age and cancer stage were significantly associated with 
patient Survival and therefore can be used as prognostic fac 
tors for patient Survival. Age and cancer stage were adjusted 
for in the Subsequent analyses to infer that the protein markers 
provided an improved model. Table 4 shows the clinical vari 
ables of a patient cohort in the lung TMA. 
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TABLE 4 

Prognostic clinicopathologic variables 
as predictors of disease Specific Survival 

Clinical Variables No of patients Percentage p-value 

Pathological Diagnosis O.68 
Squamous 55 38.50% 
Adenocarcinoma 62 43.50% 
Bronchioloalveolar carcinoma 6 4% 
Large cell, undifferentiated 4 3% 
Adenosquamous 3 296 
Other mixed 8 5.50% 
Other mixed 5 3.50% 
Age O.OO9 
e65 83 S8% 
<65 60 42% 
Sex O.S18 
Female 2O 14% 
Male 123 86% 
Race NA 
White 143 100% 
Clinical Diagnosis NA 
Stage 

Ia, Ib, IIa, IIb combined 127 89% O.OO2S 
III, IV combined 16 11% 
Previous treatment O.O11 
Neo adjuvant chemotherapy 4 3% 
Neo adjuvant radiotherapy O 
No prior treatments 139 97% 
Clinical response O.O11 
No 139 97% 
Partial 4 3% 
Smoker O541 
No 16 11% 
Yes 127 89% NA 
Census 

Alive or non-tumoral death 93 65% 
Tumor death 50 35% 

0069. In addition, 59 Adenocarcinoma versus 54 squa 
mous carcinoma cores were compared to investigate whether 
two cancer Subtypes may be separated using the immune 
marker positive cell fractions. Epithelium background was 
used to estimate the lower thresholds above which a stromal 
cell immune marker is identified as positive. The following 
threshold values were used for each marker: 

Marker Threshold 

CD3 297 
CD4 297 
CD8 126.5 
CD2O 108 
CD68 695 

Low threshold values were used to retain as many immune 
marker positive cells as possible. With the above liberal 
thresholds (high sensitivity): Observing multiple markers 
(3+, 5+) yielded Statistically significant correlations. 

0070 Table 5 shows the area under the curve (AUC) for 
the additive model (0.54) and the interactions model (0.55) in 
the lower threshold condition. The analysis indicated that 
there is interaction effect among cells expressing multiple 
markers (CD3+ T cells, CD4+Helper T cells, CD8+Cytotoxic 
T cells, CD20+ B cells, CD 68 Macrophages). The additive 
model did not show statistically significant correlation. 
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TABLE 5 

AUC for the additive model (0.65) and the interactions 
model (0.65) in the lower threshold condition 

False 
Discovery Model 

Marker(s) p-value Rate (%) description 

CD3 O.772 82 Onivariate 
ogistic model 

CD4 0.955 96 Onivariate 
ogistic model 

CD8+ 0.570 70 Onivariate 
ogistic model 

CD2O O.189 30 Onivariate 
ogistic model 

CD68 O.091 30 Onivariate 
ogistic model 

CD3x CD4 O.164 30 Bivariate 
interaction 

CD4 - CD8 0.756 82 Bivariate 
additive 

CD4x CD8 O.212 31 Bivariate 
interaction 

CD4 x CD68 0.275 37 Bivariate 
interaction 

CD4x CD2O O.040 30 Bivariate 
interaction 

CD3 x CD4 x CD8 O.096 30 Erivariate 
interaction 

CD4x CD8 x CD2O O.162 30 Trivariate 
interaction 

CD4 - CD8 - CD68 O.156 30 Trivariate 
additive 

CD4x CD8 x CD68 O-110 30 Trivariate 
interaction 

CD3 - CD4-CD8 - CD2O - O.168 30 Multivariate 
CD68 additive 
CD3 x CD4 x CD8 x CD2Ox <0.001 1 Multivariate 
CD68 interactions 

(0071 Table 6 shows the area under the curve (AUC) for 
the additive model (0.65) and the interactions model (0.65) in 
the higher threshold condition. The analysis indicated that 
there is interaction effect among cells expressing multiple 
markers (CD3, CD4, CD8, CD20, CD68). The additive model 
did not show statistically significant correlation. 

TABLE 6 

AUC for the additive model (0.65) and the interactions 
model (0.65) in the higher threshold condition 

False 
Discovery 

Marker(s) p-value Rate (%) Model description 

CD3 O610 61 Univariate logistic model 
CD4+ O.268 33 Univariate logistic model 
CD8+ O.189 28 Univariate logistic model 
CD2O O437 47 Univariate logistic model 
CD68 O.O68 11 Univariate logistic model 
CD4 - CD8 O.OO6 2 Bivariate additive 
CD3x CD4 O.OS1 9 Bivariate interaction 
CD4x CD8 O.OO3 1 Bivariate interaction 
CD4 x CD68 O.290 33 Bivariate interaction 
CD4 x CD2O O.274 33 Bivariate interaction 
CD3x CD4x CD8 O.OO9 2 Trivariate interaction 
CD4x CD8 x CD2O O.OO3 1 Trivariate interaction 
CD4 - CD8 - CD68 O.OO3 1 Trivariate additive 
CD4 x CD8 x CD68 <O.OOO1 O Trivariate interaction 
CD3 + CD4+ O.OO7 2 Multivariate additive 
CD8+ CD20+ 
CD68 
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TABLE 6-continued 

AUC for the additive model (0.65) and the interactions 
model (0.65) in the higher threshold condition 

False 
Discovery 

Marker(s) p-value Rate (%) Model description 

CD3 x CD4 x <O.OOO1 O Multivariate interactions 

Table 7 shows survival analysis with “low thresholds' based 
on the epithelium background. In addition to the immune 
marker positive fractions, the mean and the standard devia 
tion for the immune markers within the stromal area were 
computed. Based on a univariate Screening of data from 
moments and hotspots, cells positive for CD3 or CD8 marker 
were found to be most strongly associated with patient Sur 
vival. 

TABLE 7 

P-value of association of Immune marker with patient survival 

p-value: Immune 
marker positive 

p-value: 
Mean Immune 

p-value: Std. Dev. 
Immune marker 

Marker fractions (hotspot) marker (moments) (moments) 

CD3 O.O26 O.743 O.S11 
CD4 O.OS8 O.399 O.163 
CD8 O.301 O.007 O.383 
CD2O O.O81 O.O32 O.266 
CD68 O.O60 O.147 O.152 
CD163 O.678 O.129 O.866 

0072 The model incorporating CD3 and CD8 markers 
appears to be better at predicting patient Survival than the 
model using the age alone, especially during the first 40 
months post cancer treatment. FIG. 9 is a graph of survival 
using age and FIG. 10 is a graph of Survival using age and 
CD3 and CD8 markers of first 140 months assessed using the 
disclosed techniques. FIGS. 11 and 11b represents survival 
rates using cytotoxic T-lymphocytes and patient age for first 
40 months, whereas FIGS. 12a and 12b represents survival 
rates using cytotoxic T-lymphocytes, patientage and stage for 
first 40 months, in the lung cancer cohort. 
0073. To analyze the association between immune cell 
infiltration and colorectal cancer (CRC) prognosis, popula 
tions of various immune cells relative to all cells in the whole 
TMA core, in the epithelial regions, and the stromal regions 
were examined. After multiplexed immunofluorescence, 
image segmentation, and quality control, distributions of cell 
level staining for each marker were visualized as box-plots 
and histograms of each the three TMAs. Visual inspection 
indicated that slide level normalization was required to ana 
lyze the whole cohort. Two normalization methods were 
used: median centering and quartile normalization (25th, 
50th and 75th quantiles were aligned). Immune cell types 
included CD3+ T-lymphocytes, CD8+ T-lymphocytes, 
CD3+/CD8-T-lymphocytes (equivalent to CD4+ T-lympho 
cytes), Claduin1 + neutrophils, CD68+ macrophages, CD20+ 
B-lymphocytes and CD79+ B-lymphocytes. CD31+ cells 
(endothelial cells and unspecified immune cells), and epithe 
lial cell markers pancytokeratin and E-cadherin were also 
assessed. Two methods were used to define positive cells: 
Supervised marker annotations were performed and quantita 
tive features extracted were used to derive cell level positivity 
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thresholds; and unsupervised analysis (moments and 
hotspots) included the proportion of cells above the 50th and 
95th quantiles, cell-level marker standard deviation, and cell 
level coefficient of variation. Cells were localized to either the 
epithelial or stromal region based on their position relative to 
the epithelial mask. Prognostic association of each cell fea 
ture (including location) with patient Survival was assessed 
using univariate Cox proportional hazards modeling. Fea 
tures exhibiting a predicted false discovery rate (FDR) of 
<0.10 were cross validated using receiver operator character 
istic (ROC). Markers with ROC>0.6 were selected for further 
analysis including stage specific prognosis. Kaplan Meier 
Survival analysis was analyzed using the log-rank test to 
evaluate the significance of prognostic findings. 
0074 Standard clinical features were analyzed with 
respect to prognosis. Stage and grade were found to have 
significant associations with outcome, consistent with current 
clinical management of CRC. Counter to currently accepted 
prognostic clinical features, number of lymph nodes exam 
ined was not significantly related to outcome. Features with 
significant associations with outcome were visualized in 
Kaplan-Meier survival plots. Grade appears to be mostly 
associated with tumor stage, as the Survival curves are better 
separated in the whole cohort analysis (Table 8). 
0075 Unsupervised analysis—two normalization tech 
niques yield similar results: high level tumor infiltration by 
claudin1 + neutrophils, CD3+ T-lymphocytes and CD8+ 
T-lymphocytes are markers of favorable prognosis in local 
ized colorectal cancer (Table 9 and 10) as described above 
(moments and hotspots analysis). Supervised analysis—high 
level tumor infiltration of CD68+ macrophages, CD3+, CD4+ 
(defined by CD3+/CD8-staining) and CD8+ T-lymphocytes 
are markers of favorable prognosis in localized colorectal 
cancer (Table 11). In both cases, prognostic features occur in 
stromal and/or epithelial specific localization of the cell of 
interest. All features are strong predictors in the whole cohort 
(stages I-III), and weaken in stage specific analysis. 
0076. In the unsupervised analysis of immune cell features 
using quartile normalization, seven features of immune cells 
in colorectal cancer representing CD3+T-lymphocytes, 
CD8+ T-lymphocytes, and claudin1 + neutrophils were sig 
nificantly associated with prognosis as defined above. In 
unsupervised analysis using median centering, 17 features 
representing five markers were significantly associated with 
disease prognosis. Cell types showing prognostic value 
included CD8+ T-lymphocytes, CD3+ T-lymphocytes, 
CD31+ cells, and claudin1+ neutrophils (Table 10). Results 
from each normalization approach yielded significant fea 
tures with tumor stroma and epithelium specific localization 
patterns. 
0077. In the supervised analysis, eight features represent 
ing four immune cell types were associated with outcomes in 
the whole cohort. Features with significant associations with 
a favorable prognosis included CD3+ T-lymphocytes in the 
tumor stroma, CD4+ T-lymphocytes in the tumor stroma, 
CD68+ cells in the tumor stroma and CD8+ T-lymphocytes in 
the tumor stroma and CD8+ T-lymphocytes in the epithelium, 
demonstrating localization specific immune cell prognostic 
features. 
Table 8: Summary of clinical variables and relationship with 
recurrence time: Summary of standard clinical features of the 
colorectal cancer cohorts. P-value indicates association with 
disease recurrence in univariate Cox proportional Hazards 
model. 



US 2015/O 133321 A1 

TABLE 8 

Summary of clinical variables and relationship with recurrence time 

Clinical variables N or average Percent or sc p-value 

Age 65 12 O.3 
Gender 361 49% 0.79 
Grade 116 16% O.OOOS 

2 530 71.9% 
3 85 11% 

PT 79 11% <O.OOO1 
2 162 22% 
3 445 60% 
4 56 8% 

PN O 487 65% <O.OOO1 
161 22% 

2 93 12% 
Stage 198 27% <O.OOOO1 

2 277 38% 
3 252 35% 

NDPOS 3 12 O.11 
NDXAM 14 9.8 O.34 

Recurrence days 640 Range (0, 3458) NA 
Follow up days 1503 Range (0, 4742) NA 

0078 Table 9 shows unsupervised quartile normalized 
prognostic features. Seven features representing three 
immune cell types were associated with colorectal cancer 
recurrence as defined by meeting false discovery rate and 
ROC criteria (feature Q<0.10 and feature ROC AUC >0.6). 

False 
Tissue Natural log Discovery 

Feature localization (hazard ratio) p-value Rate 

CD8 standard epithelium -2.375 <O.OOOOO1 <O.OOOO1 
deviation 
CD8 standard Total tissue -2.038 <O.OOOOO1 <O.OOOO1 
deviation 
CD3 standard stroma -1.277 <O.OOOOO1 <O.OOOO1 
deviation 
CD8 standard Stroma -1.600 <O.OOOOO1 <O.OOOO1 
deviation 
Claudin 1 Strona -O.797 O.OOOO27 O.00049 
standard 
deviation 
CD3 standard Total tissue -1173 O.OOOO86 O.OO117 
deviation 
CD895 epithelium -0.043 O.O27390 O.09S42 
percentile 

Table 10 shows significant prognostic features from median 
centered unsupervised data analysis. Eighteen features rep 
resenting 5 cell types including Claudin1+ neutrophils, CD3+ 
T-lymphocytes and CD8+ T-lymphocytes were significantly 
associated with disease recurrence in Cox proportional haz 
ards modeling. 

Feature 

CD3 mean 
CD3 mean 
CD31 CV 
CD8 CV 
CD8 CV 
CD8 CV 
CD8 mean 
CD8 mean 

Natural log 
Tissue (hazard 
localization ratio) 

Strona -O.472 
Total tissue -O.S37 
epithelium 4.558 
epithelium O.168 
Strona O.286 
Total tissue O.286 
epithelium -0.598 
Strona -0.543 

p-value 

2.03E-OS 
2.84E-OS 
O.OO1108 
4.15E-08 
3.32E-11 
1.36E-10 
1.57E-09 
2.06E-08 

False 
Discovery 

Rate 

O.OOO129 
O.OOO164 
O.OO4433 
3.2OE-07 
8.9SE-10 
2.93E-09 
199E-08 
1.85E-07 
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-continued 

Natural log False 
Tissue (hazard Discovery 

Feature localization ratio) p-value Rate 

CD8 mean Total tissue -0.598 2.97E-09 321E-08 
Claudin1 CW Strona O.920 7.88E-1S 8.S1E-13 
Claudin1 CW Total tissue 1.131 1.13E-12 6.13E-11 
Claudin 1 mean epithelium -0.468 1.66E-09 199E-08 
Claudin 1 mean Strona -O-329 1.3OE-09 199E-08 
Claudin 1 mean Total tissue -0.381 5.64E-09 S.54E-08 
Claudin 1 standard epithelium 1.298 2.OOE-11 7.2OE-10 
deviation 
Claudin 1 standard stroma O.S30 2.89E-05 O.OOO164 
deviation 
Claudin 1 standard Total tissue O.728 9.35E-08 6.73E-07 
deviation 

Table 11 shows supervised annotation based features with 
associations with prognosis. Image annotations of positive 
regions of interest were used to define thresholds for positiv 
ity of CD68, CD3, CD8, CD20, CD79 and ALDH1. The 
proportion of cells positive for each marker was computed in 
the entire field of view, the stromal region, and the epithelial 
region for each case. This proportion was then used as a 
feature in univariate Cox proportional hazards models to pre 
dict the likelihood of disease recurrence. Eight features rep 
resenting four cell types were found to be predictive of dis 
ease recurrence (CD68-macrophages; CD3=total 
T-lymphocytes: CD4T-CD4+ T-lymphocytes (defined as 
CD3+/CD8-); and CD8-CD8+ T-lymphocytes). 

TABLE 11 

Describes Supervised annotation based 
features with associations with prognosis 

Natural log False 
Tissue (hazard Discovery 

Feature localization ratio) p-value Rate 

CD68 Strona -1.860 7.82E-07 3.OSE-OS 
CD3 Strona -3.722 5.83E-O6 OOOO104 
CD4T Strona -4.401 9.44E-O6 OOOO104 
CD68+f ALDH1+ Strona -2.062 1.06E-OS O.OOO104 
CD68 Total tissue -1658 O.OOO125 O.OOO977 
CD8 str Stroma -8794 O.OO1012 O.OOS636 
CD8 tot Total tissue -12.526 O.OO1771 O.OO8632 
CD68 ALDH1 tot Total tissue -1.731 O.OO2O4S O.OO886 

0079 In addition to analysis of standard immune cell Sub 
types we calculate the '% of dual and single positive cells 
based on Supervised and unsupervised method in both col 
orectal cancer and lung cancer 
0080 Supervised annotation: The derived threshold in 
colorectal cancer is applied to the single cell data, and each 
cell is scored to be either positive or negative. Next, the 
percentage of positive cells is calculated in the epithelium or 
stromal regions. For markers co-expressed in the same cell, 
we declare double positive cells if both markers are positive in 
a given cell. Finally, the proportion of positive cells in the 
epithelium or Stromal regions is calculated. In one example, 
co-expression of 2 markers, one being an immune cell marker 
(CD68/CD163), and the other being a functional marker 
(ALDH1) was examined (FIG. 13). The relative % of these 
cells is listed in Table 12. 
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TABLE 12 

Shows the percentage of single and 
dual positive cells for Selected markers. 

Tissue 
Immune cell Subsets localization % cells 

ALDH1+ epithelium 55% 
ALDH1+ Stroma 65% 
CD163- Epithelium 13% 
CD163- Stroma 21% 
CD68- Epithelium 18% 
CD68- Stroma 31% 
CD163+f ALDH1+ Epithelium 8% 
CD163+f ALDH1+ Stroma 16% 
CD68+ALDH1+ Epithelium 11% 
CD68+ALDH1+ Stroma 24% 

0081. Unsupervised annotation: In lung panel, for each 
patient, protein marker specific threshold was used to deter 
mine whether a given cell was positive for given protein 
marker. The cell count was pooled for 137 patients in the 
TMA and the fraction of total stromal cells positive for the 
given protein marker was calculated. Similarly, for each 
patient, the number of multiple marker coexpressing cells 
was calculated. The counts were pooled across all 137 
patients to calculate the fraction of total Stromal cells co 
expressing multiple protein markers (Table 13). 

Immune cell Subsets % stromal cells 

CD3 38 
CD4+ 46 
CD8 19 
CD2O 7 
CD68 30 
CD3CD4+ 29 
CD3CD8 17 
CD4CD8 14 
CD3CD4+CD8 13 
CD3CD4+CD8+CD2Ot insignificant 
CD3CD4CD8CD68 insignificant 

Table 13 shows percentage of stromal cell showing dual and 
single positive marker expression in the lung cohort. CD3". 
CD4", CD8" represents T cells: CD20" represents B cells and 
CD68" represents macrophage. CD3"+CD4", CD3"+CD8" 
and CD4+CD8 represents T cells expressing dual markers 
whereas CD3"CD4"CD8" represents T cells expressing all 
three markers. 
0082. The disclosed experimental results show that 
immune cell marker localization and types within a tumor 
sample may be used to identify and/or provide prognoses for 
cancer cases. While cells were localized to either the epithe 
lial or stromal region based on their position relative to the 
epithelial mask and as such used to identify epithelial cancers, 
the same methodology and techniques are applicable to the 
analysis of non-epithelial cancers as well based on relative 
position and biomarkers identified. 

Probes and Binders 

0083 Provided herein are imaging techniques that may be 
used in conjunction with appropriate imaging molecules, 
Such as probes and binders. A probe may include an agent 
including a binder and a signal generator. In some embodi 
ments, the binder and the signal generator of the probe are 
embodied in a single entity (e.g., a radioactive or fluorescent 
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molecule capable of binding a target). In alternative embodi 
ments, the binder and the signal generator are embodied in 
discrete entities (e.g., a primary antibody capable of binding 
target and labeled secondary antibody capable of binding the 
primary antibody). In particular embodiments, the probes 
may include probes formultiple immune markers or targets as 
well as probes for morphological features of cells, segmen 
tation markers, etc. 
I0084. In certain embodiments, the probes may include 
probes that delineate immune cell subtypes. This include but 
not limited to one or more of the following markers: CD1a, 
CD3, CD4, CD7, CD8, CD8a, CD11c, CD11b, CD14, CD16 
CD19, CD20, CD22, CD23, CD25, CD27, CD28, CD31, 
CD30, CD32, CD33, CD34, CD35, CD38, CD40, CD40L 
CD45, CD45RO, CD45RA, CD47, CD57, CD39, CD100, 
CD 68, CD70, ALDH1, CD83, CD80, CD86 CD163, CD206 
FoxP3, claudin1, CD79, MMP7, MMP9, MMP2, MMP8, 
arginase, IL2, IL4, IL8, IL 10, IL12, IL17a, IL18, TNF alpha, 
TGF-beta, IFNG, CCR-7, CXCL 8, CXCL9, CXCL10, 
CXCL11, CXCL13, CCL2, CCL5, CCL17, CCL22, 
IL12p40, MHCI, MHC II, CD56, TSLP GZM-B, GNLY, 
REN, IRF1 ITGAE, LAG 3, Tie2, PD1 PD11, CCLA4, 
TIM3, VISTA, B7H3, B7H4, FasL, HLADR, NKT. B7RP1, 
ICOS, HVEM, CD137, CD137L, Ox40, Ox40L, GALS, 
KIR. In addition, the probes may include probes for stromal 
markers such as vimentin, SMA, S100, collagen IV, and 
fibronectin and probes for segmentation markers (e.g., DAPI) 
for segmentation analysis. It should be understood that the 
disclosed probes-markers are provided as examples, and any 
Suitable probe and/or marker may be used in conjunction with 
the disclosed techniques. Further, it should be understood that 
the probes may include a combination of markers such as 
immune cells markers, morphological features, and segmen 
tation markers. 

I0085. A binder may be a biological molecule that may 
non-covalently bind to one or more targets in the biological 
sample. A binder may specifically bind to a target. Suitable 
binders may include one or more of natural or modified pep 
tides, proteins (e.g., antibodies, affibodies, or aptamers), 
nucleic acids (e.g., polynucleotides, DNA, RNA, or aptam 
ers); polysaccharides (e.g., lectins, Sugars), lipids, enzymes, 
enzyme Substrates or inhibitors, ligands, receptors, antigens, 
haptens, and the like. A suitable binder may be selected 
depending on the sample to be analyzed and the targets avail 
able for detection. For example, a target in the sample may 
include a ligand and the binder may include a receptor or a 
target may include a receptor and the probe may include a 
ligand. Similarly, a target may include an antigen and the 
binder may include an antibody or antibody fragment or vice 
Versa. In some embodiments, a target may include a nucleic 
acid and the binder may include a complementary nucleic 
acid. In some embodiments, both the target and the binder 
may include proteins capable of binding to each other. 
I0086 A signal generator may be a molecule capable of 
providing a detectable signal using one or more detection 
techniques (e.g., spectrometry, calorimetry, spectroscopy, or 
visual inspection). Suitable examples of a detectable signal 
may include an optical signal, and electrical signal, or a 
radioactive signal. Examples of signal generators useful in 
the inventive methods include, for example, a chromophore, a 
fluorophore, a Raman-active tag, a radioactive label, an 
enzyme, an enzyme Substrate, or combinations thereof. As 
stated above, with regard to the probe, the signal generator 
and the binder may be present in a single entity (e.g., a target 
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binding protein with a fluorescent label or radiolabel). And, in 
other embodiments the binder and the signal generator are 
discrete entities (e.g., target receptor protein and antibody 
against that particular receptor protein) that associate with 
each other prior to or upon introduction to the sample. A 
Suitable signal generator may include a molecule or a com 
pound capable of providing a detectable signal. A signal 
generator may provide a characteristic signal following inter 
action with an energy source or a current. An energy source 
may include electromagnetic radiation source and a fluores 
cence excitation Source. Electromagnetic radiation Source 
may be capable of providing electromagnetic energy of any 
wavelength including visible, infrared, and ultraviolet. Elec 
tromagnetic radiation may be in the form of a direct light 
Source or may be emitted by a light emissive compound Such 
as a donor fluorophore. A fluorescence excitation source may 
be capable of making a source fluoresce or may give rise to 
photonic emissions (that is, electromagnetic radiation, 
directed electric field, temperature, physical contact, or 
mechanical disruption). Suitable signal generators may pro 
vide a signal capable of being detected by a variety of meth 
ods including optical measurements (for example, fluores 
cence), electrical conductivity, or radioactivity. Suitable 
signal generators may be, for example, light emitting, energy 
accepting, fluorescing, radioactive, or quenching. 
0087. In particular embodiments, the signal generators 
may be fluorophores, or chemical compounds, which when 
excited by exposure to a particular wavelength of light, emit 
light (at a different wavelength. Fluorophores may be 
described in terms of their emission profile, or “color.” Green 
fluorophores (for example Cy3, FITC, and Oregon Green) 
may be characterized by their emission at wavelengths gen 
erally in the range of 515-540 nanometers. Red fluorophores 
(for example Texas Red Cy5, and tetramethylrhodamine) 
may be characterized by their emission at wavelengths gen 
erally in the range of 590-690 nanometers. Examples of fluo 
rophores include, but are not limited to, 4-acetamido-4'- 
isothiocyanatostilbene-2,2'disulfonic acid, acridine, 
derivatives of acridine and acridine isothiocyanate, 5-(2-ami 
noethyl)aminonaphthalene-1-sulfonic acid (EDANS), 
4-amino-N-3-vinylsulfonyl)phenylnaphthalimide-3.5 dis 
ulfonate (LuciferYellowVS), N-(4-anilino-1-naphthyl)male 
imide, anthranilamide, Brilliant Yellow, coumarin, coumarin 
derivatives, 7-amino-4-methylcoumarin (AMC, Coumarin 
120), 7-amino-trifluoromethylcouluarin (Coumaran 151), 
cyanosine; 4,6-diaminidino-2-phenylindole (DAPI), 5'5"- 
dibromopyrogallol-sulfonephthalein (Bromopyrogallol 
Red), 7-diethylamino-3-(4-isothiocyanatophenyl)-4-meth 
ylcoumarin, 4,4'-diisothiocyanatodihydro-stilbene-2,2'-dis 
ulfonic acid, 4,4'-diisothiocyanatostilbene-2,2'-disulfonic 
acid, 5-dimethylaminonaphthalene-1-sulfonyl chloride 
(DNS, dansyl chloride), eosin, derivatives of eosin such as 
eosin isothiocyanate, erythrosine, derivatives of erythrosine 
Such as erythrosine B and erythrosin isothiocyanate; 
ethidium; fluorescein and derivatives such as 5-carboxyfluo 
rescein (FAM), 5-(4,6-dichlorotriazin-2-yl)aminofluorescein 
(DTAF), 27-dimethoxy-4'5'-dichloro-6-carboxyfluorescein 
(JOE), fluorescein, fluorescein isothiocyanate (FITC), 
QFITC (XRITC); fluorescamine derivative (fluorescent upon 
reaction with amines); IR 144: IR 1446; Malachite Green 
isothiocyanate: 4-methylumbelliferone; ortho cresolphtha 
lein: nitrotyrosine; pararosaniline; Phenol Red, B-phyco 
erythrin; o-phthaldialdehyde derivative (fluorescent upon 
reaction with amines); pyrene and derivatives such as pyrene, 

May 14, 2015 

pyrene butyrate and Succinimidyl 1-pyrene butyrate; Reac 
tive Red 4 (CibacronTM Brilliant Red 3B-A), rhodamine and 
derivatives such as 6-carboxy-X-rhodamine (ROX), 6-car 
boxyrhodamine (R6G), lissamine rhodamine B sulfonyl 
chloride, rhodamine (Rhod), rhodamine B, rhodamine 123, 
rhodamine X isothiocyanate, sulforhodamine B, sulfor 
hodamine 101 and sulfonyl chloride derivative of sulfor 
hodamine 101 (Texas Red); N.N.N',N'-tetramethyl-6-carbox 
yrhodamine (TAMRA); tetramethyl Rhodamine, tetramethyl 
rhodamine isothiocyanate (TRITC); riboflavin; rosolic acid 
and lathanide chelate derivatives, quantum dots, cyanines, 
and squaraines. 
I0088 Binding, specific binding, or specificity of a probe 
for a marker occurs when molecules may have areas on their 
Surfaces or in cavities giving rise to specific recognition 
between the two molecules arising from one or more of elec 
trostatic interactions, hydrogen bonding, or hydrophobic 
interactions. Specific binding examples include, but are not 
limited to, antibody-antigen interactions, enzyme-substrate 
interactions, polynucleotide interactions, and the like. In 
Some embodiments, a binder molecule may have an intrinsic 
equilibrium association constant (KA) for the target no lower 
than about 10M under ambient conditions (i.e., a pH of 
about 6 to about 8 and temperature ranging from about 0°C. 
to about 37° C.). 
I0089. In some embodiments, the present methods may 
employ probes that do not include an intrinsic signal genera 
tor. In some alternative embodiments, the probe does include 
a binder capable of binding to the target and a signal generator 
capable of providing a detectable signal. Thus, in some 
embodiments, the binder and the signal generator are not be 
associated to each other and may be present as a mixture or as 
separate components that associate following sequential 
application of the binder and signal generator to the biologi 
cal sample. In alternate embodiments, the binder and the 
signal generator may be associated to each other. As used 
herein, “associated generally refers to two entities (for 
example, binder and signal generator) stably bound to one 
another by any physicochemical means. The nature of the 
association may be such that it does not substantially impair 
the effectiveness of either entity. A binder and a signal gen 
erator may be associated to each other through covalent or 
non-covalent interactions. Non-covalent interactions may 
include, but are not limited to, hydrophobic interactions, ionic 
interactions, hydrogen-bond interactions, high affinity inter 
actions (such as, biotin-avidin or biotin-streptavidin com 
plexation), or other affinity interactions. 
0090. The methods disclosed herein involve the use of 
binders that physically bind to the target in a specific manner. 
In some embodiments, a binder may bind to a target with 
Sufficient specificity, that is, a binder may bind to a target with 
greater affinity than it does to any other molecule. In some 
embodiments, the binder may bind to other molecules, but the 
binding may be such that the non-specific binding may be at 
or near background levels. In some embodiments, the affinity 
of the binder for the target of interest may be in a range that is 
at least 2-fold, at least 5-fold, at least 10-fold, or more than its 
affinity for other molecules. In some embodiments, binders 
with the greatest differential affinity may be employed, 
although they may not be those with the greatest affinity for 
the target. 
0091 Binders and their corresponding targets may be con 
sidered as binding pairs, of which non-limiting examples 
include immune-type binding-pairs, such as, antigen/anti 
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body, antigen/antibody fragment, orhapten/anti-hapten, non 
immune-type binding-pairs. Such as biotin/avidin, biotin/ 
streptavidin, folic acid/folate binding protein, hormone/ 
hormone receptor, lectin/specific carbohydrate, enzyme? 
enzyme, enzyme? substrate, enzyme? substrate analog, 
enzyme? pseudo-substrate (Substrate analogs that cannot be 
catalyzed by the enzymatic activity), enzyme? co-factor, 
enzyme/modulator, enzyme/inhibitor, or vitamin B12/intrin 
sic factor. Other Suitable examples of binding pairs may 
include complementary nucleic acid fragments (including 
DNA sequences, RNA sequences, PNA sequences, and pep 
tide nucleic acid sequences); Protein A/antibody; Protein 
G/antibody; nucleic acid/nucleic acid binding protein; or 
polynucleotide/polynucleotide binding protein. 
0092. For example, in some embodiments, a binder may 
be sequence-specific. A sequence-specific binder may 
include a nucleic acid and the binder may be capable of 
recognizing a particular linear arrangement of nucleotides or 
derivatives thereof in the target. In some embodiments, the 
linear arrangement may include contiguous nucleotides or 
derivatives thereof that may each bind to a corresponding 
complementary nucleotide in the binder. In an alternate 
embodiment, the sequence may not be contiguous as there 
may be one, two, or more nucleotides that may not have 
corresponding complementary residues on the probe. Suit 
able examples of nucleic acid-based binders may include, but 
are not limited to, DNA or RNA oligonucleotides or poly 
nucleotides. In some embodiments, suitable nucleic acids 
may include nucleic acid analogs, such as dioxygenin dCTP, 
biotin dcTP 7-azaguanosine, azidothymidine, inosine, or uri 
dine. 

0093. In certain embodiments, both the binder and the 
target may include nucleic acids. In some embodiments, a 
nucleic-acid based binder may form a Watson-Crick bond 
with the nucleic acid target. In another embodiment, the 
nucleic acid binder may form a Hoogsteen bond with the 
nucleic acid target, thereby forming a triplex. A nucleic acid 
binder that binds by Hoogsteen binding may enter the major 
groove of a nucleic acid target and hybridizes with the bases 
located there. Suitable examples of the above binders may 
include molecules that recognize and bind to the minor and 
major grooves of nucleic acids (for example, some forms of 
antibiotics). In certain embodiments, the nucleic acid binders 
may form both Watson-Crick and Hoogsteen bonds with the 
nucleic acid target (for example, bis PNA probes are capable 
of both Watson-Crick and Hoogsteen binding to a nucleic 
acid). 
0094. In some embodiments, combinations of binders 
may be used that may provide greater specificity or in certain 
embodiments amplification of the signal. Thus, in some 
embodiments, a sandwich of binders may be used, where the 
first binder may bind to the target and serve to provide for 
secondary binding, where the secondary binder may or may 
not include a signal generator, which may further provide for 
tertiary binding (ifrequired) where the tertiary binding mem 
ber may include a signal generator. Suitable examples of 
binder combinations may include primary antibody-second 
ary antibody, complementary nucleic acids, or other ligand 
receptor pairs (such as biotin-streptavidin). Some specific 
examples of Suitable binder pairs may include mouse anti 
myc for recombinant expressed proteins with c-myc epitope; 
mouse anti-HisG for recombinant protein with His-Tag 
epitope, mouse anti-Xpress for recombinant protein with 
epitope-tag, rabbit anti-goat for goat IgG primary molecules, 
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complementary nucleic acid sequence for a nucleic acid; 
mouse anti-thio for thioredoxin fusion proteins, rabbit anti 
GFP for fusion protein, jacalin for C-D-galactose; and meli 
biose for carbohydrate-binding proteins, Sugars, nickel 
couple matrix or heparin. In some embodiments, a combina 
tion of a primary antibody and a secondary antibody may be 
used as a binder. A primary antibody may be capable of 
binding to a specific region of the target and the secondary 
antibody may be capable of binding to the primary antibody. 
A secondary antibody may be attached to a signal generator 
before binding to the primary antibody or may be capable of 
binding to a signal generator at a later step. In an alternate 
embodiment, a primary antibody and specific binding ligand 
receptor pairs (such as biotin-streptavidin) may be used. The 
primary antibody may be attached to one member of the pair 
(for example biotin) and the other member (for example 
streptavidin) may be labeled with a signal generator. The 
secondary antibody, avidin, Streptavidin, or biotin may be 
each independently labeled with a signal generator. 

Sequentially Analyzing a Biological Sample, Contacting and 
Binding the Probe 
0.095 A biological sample may be contacted with a probe 
to physically bind the probe to a target in the biological 
sample. In some embodiments, a target may not be easily 
accessible for binding the probe and a biological sample may 
be further processed to facilitate the binding between the 
target and the binder (in the probe). In some embodiments, a 
probe may be contacted with the biological sample in the 
form of a solution. Depending on the nature of the binder, the 
target, and the binding between the two, Sufficient contact 
time may be allowed. In some embodiments, an excess of 
binder molecules may be employed to ensure all the targets in 
the biological sample are bound. After a sufficient time has 
been providing for the binding action, the sample may be 
contacted with a wash solution (for example an appropriate 
buffer solution) to wash away any unbound probes. Depend 
ing on the concentration and type of probes used, a biological 
sample may be subjected to a number of washing steps with 
the same or different washing solutions being employed in 
each step. 
0096. In some embodiments, the biological sample may 
be contacted with more than one probe in the first contacting 
step. The plurality of probes may be capable of binding dif 
ferent targets in the biological sample. For example, a bio 
logical sample may include two targets: target 1 and target2 
and two sets of probes may be used in this instance: probel 
(having binder 1 capable of binding to target1) and probe2 
(having binder2 capable of binding to target2). A plurality of 
probes may be contacted with the biological sample simulta 
neously (for example, as a single mixture) or sequentially (for 
example, a probel may be contacted with the biological 
sample, followed by washing step to remove any unbound 
probel, followed by contacting a probe2 with the biological 
sample, and so forth). 
0097. The number of probes that may be simultaneously 
bound to the target may depend on the type of detection 
employed, that is, the spectral resolution achievable. For 
example, for fluorescence-based signal generators, at most 
four different probes (providing four spectrally resolvable 
fluorescent signals) may be employed in accordance with the 
methods disclosed herein. Spectrally resolvable, in reference 
to a plurality of fluorescent signal generators, implies that the 
fluorescent emission bands of the signal generators are suffi 
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ciently distinct, that is, Sufficiently non-overlapping, Such 
that, binders to which the respective signal generators are 
attached may be distinguished on the basis of the fluorescent 
signal generated by the respective signal generators using 
standard photodetection systems. In some embodiments, a 
biological sample may be essentially contacted with four or 
less than four probes in the first contacting step. 
0098. In some embodiments, a biological sample may 
include a whole cell, a tissue sample or a microarray. In some 
embodiments, a biological sample may include a tissue 
sample. The tissue sample may be obtained by a variety of 
procedures including, but not limited to Surgical excision, 
aspiration or biopsy. The tissue may be fresh or frozen. In 
Some embodiments, the tissue sample may be fixed and 
embedded in paraffin. The tissue sample may be fixed or 
otherwise preserved by conventional methodology; the 
choice of a fixative may be determined by the purpose for 
which the tissue is to be histologically stained or otherwise 
analyzed. The length offixation may depend upon the size of 
the tissue sample and the fixative used. For example, neutral 
buffered formalin, Bouin’s or paraformaldehyde, may be 
used to fix or preserve a tissue sample. 
0099. In some embodiments, the tissue sample may be first 
fixed and then dehydrated through an ascending series of 
alcohols, infiltrated and embedded with paraffin or other sec 
tioning media so that the tissue sample may be sectioned. In 
an alternative embodiment, a tissue sample may be sectioned 
and Subsequently fixed. In some embodiments, the tissue 
sample may be embedded and processed in paraffin. 
Examples of paraffin that may be used include, but are not 
limited to, Paraplast, Broloid, and Tissuecan. Once the tissue 
sample is embedded, the sample may be sectioned by a micro 
tome into sections that may have a thickness in a range of 
from about three microns to about five microns. Once sec 
tioned, the sections may be attached to slides using adhesives. 
Examples of slide adhesives may include, but are not limited 
to, silane, gelatin, poly-L-lysine. In embodiments, if paraffin 
is used as the embedding material, the tissue sections may be 
deparaffinized and rehydrated in water. The tissue sections 
may be deparaffinized, for example, by using organic agents 
(such as, Xylenes or gradually descending series of alcohols). 
0100. In some embodiments, aside from the sample prepa 
ration procedures discussed above, the tissue section may be 
Subjected to further treatment prior to, during, or following 
immunohistochemistry. For example, in some embodiments, 
the tissue section may be subjected to epitope retrieval meth 
ods, such as, heating of the tissue sample in citrate buffer. In 
Some embodiments, a tissue section may be optionally Sub 
jected to a blocking step to minimize any non-specific bind 
ing. 
0101 Following the preparation of the tissue sample, a 
probe solution (e.g., labeled-antibody solution in an IHC 
procedure) may be contacted with the tissue section for a 
sufficient period of time and under conditions suitable for 
binding of binder to the target (e.g., antigen in an IHC proce 
dure). As described earlier, two detection methods may be 
used: direct or indirect. In a direct detection, a signal genera 
tor-labeled primary antibody (e.g., fluorophore-labeled pri 
mary antibody) may be incubated with an antigen in the tissue 
sample, which may be visualized without further antibody 
interaction. In an indirect detection, an unconjugated primary 
antibody may be incubated with an antigen and then a labeled 
secondary antibody may bind to the primary antibody. Signal 
amplification may occur as several secondary antibodies may 
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react with different epitopes on the primary antibody. In 
embodiments where the secondary antibody may be conju 
gated to an enzymatic label, a chromogenic or fluorogenic 
substrate may be added to provide visualization of the anti 
gen. In some embodiments two or more (at most four) pri 
mary antibodies (labeled or unlabeled) may be contacted with 
the tissue sample. Unlabeled antibodies may be then con 
tacted with the corresponding labeled secondary antibodies. 
0102 Technical effects of the disclosure include provid 
ing improved prognosis for patients based on immune cell 
type and localization. Such techniques may also be used to 
provide rapid automated immune scores. Further, the dis 
closed techniques may be used to generate an immune marker 
panel, a therapy assessment, and a biopsy assessment for a 
patient. 
0103) This written description uses examples as part of the 
disclosure, including the best mode, and also to enable any 
person skilled in the art to practice the disclosed implemen 
tations, including making and using any devices or systems 
and performing any incorporated methods. The patentable 
Scope is defined by the claims, and may include other 
examples that occur to those skilled in the art. Such other 
examples are intended to be within the scope of the claims if 
they have structural elements that do not differ from the literal 
language of the claims, or if they include equivalent structural 
elements with insubstantial differences from the literal lan 
guages of the claims. 

1. A method for determining infiltration of immune cell 
populations in a biological sample comprising: 

applying a plurality of probes to a biological sample in a 
sequential manner, 

acquiring image data of the biological sample representa 
tive of the respective plurality of probes bound to a 
respective plurality of targets in the biological sample, 
wherein at least one of the plurality of probes comprises 
an epithelium probe, a membrane probe, a cytoplasm 
probe, or nuclear probe specific for a cell nucleus and 
wherein at least one of the plurality of probes comprises 
an immune probe specific for an immune marker; 

segmenting epithelial and stromal regions of the sample to 
identify single cells within each region, wherein identi 
fying individual cells in the epithelial region or the stro 
mal region comprises using image data representative of 
the epithelium probe, the membrane probe, the cyto 
plasm probe, or the nuclear probe and wherein identifi 
cation of cells in the Stromal region comprises segment 
ing the epithelial region of the sample to generate an 
epithelial mask and classifying regions not contained 
within the epithelial mask as one or more of the stromal 
region or background; 

identifying immune cells among the single cells based on 
the image data representative of the immune marker, 
wherein identifying comprises reclassifying single cells 
in the sample as immune cells based on a signal intensity 
and median mean, Std deviation and skewness from the 
immune probe above a threshold value; and 

determining a distribution, location, and type of a plurality 
of immune cells in the biological sample. 

2. The method of claim 1, comprising removing signal 
produced by at least one of the plurality of probes after acquir 
ing an image representative of the at least one probe. 

3. The method of claim 1, wherein at least one of the 
plurality of probes comprises an epithelial probe specific for 
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epithelial cells and wherein a signal generated by the epithe 
lial probe is used to determine the epithelial region. 

4. The method of claim 3, wherein the epithelial probe is 
used to create the epithelial mask. 

5. The method of claim 4, wherein a region not defined by 
the epithelial mask is used to define a stromal mask. 

6. The method of claim 5, wherein determining a distribu 
tion, location, and type of a plurality of immune cells in the 
biological sample comprises quantifying the immune cells 
within the stromal mask. 

7. The method of claim 1, wherein determining a distribu 
tion, location, and type of a plurality of immune cells in the 
biological sample comprises quantifying the immune cells 
within the epithelial mask. 

8. The method of claim 1, wherein intensity and morphol 
ogy-based algorithms, generalized wavelet-based algo 
rithms, or probabilistic-based methods are used to detect indi 
vidual nuclei in the stromal region using the image data 
representative of the nuclear probe. 

9. The method of claim 1, comprising removing non-spe 
cific DAPI signal by using two-class clustering to identify 
positive DAPI nuclei in the stromal region. 

10. The method of claim 1, wherein the plurality of probes 
comprise a plurality of immune probes specific for immune 
markers of immune cell subtypes and wherein threshold val 
ues associated with a positive signal are determined for the 
immune markers of the immune cell Subtypes. 

11. The method of claim 1, wherein the threshold value is 
determined based on a box-plot or histogram or violin plot 
analysis of overall marker expression in Stroma across all 
images for the sample set. 

12. The method of claim 1, wherein the threshold values for 
cell-specific markers corresponding to the plurality of probes 
are determined and an expression value corresponding to a 
predetermined quantile is selected as the threshold value for a 
positive signal for each of the plurality of probes. 

13. The method of claim 12, wherein the predetermined 
quantile is 80%-99%. 

14. The method of claim 1, wherein determining a distri 
bution, location, and type of a plurality of immune cells in the 
biological sample comprises determining a number of each 
cell positive for a specific cell marker. 

15. The method of claim 1, wherein the plurality of probes 
comprises a plurality of epithelial probes specific for epithe 
lial markers and wherein segmenting the epithelial region of 
the tissue comprises using image data representative of the 
plurality of epithelial proves to produce a Super-epithelium 
image. 

16. The method of claim 15, wherein segmenting the epi 
thelial region comprises Smoothing the image data represen 
tative of the nuclear probe and applying an optimal global 
threshold for positive signal. 

17. The method of claim 16, wherein small gaps in the 
Super-epithelium image are filled using the image data repre 
sentative of the nuclear probe. 

18. The method of claim 1, wherein determining overall 
distribution, location, and type of immune cells comprises 
determining a number of individual cells positive for a spe 
cific cell marker in the epithelial region. 

19. The method of claim 1, comprising determining overall 
distribution patterns of immune cells in the epithelial region 
and the stromal region. 
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20. The method of claim 1, comprising determining overall 
distribution patterns of immune cells in a combined epithelial 
and stromal region. 

21. The method of claim 1, comprising determining a ratio 
of immune cells in the epithelial region versus the stromal 
region. 

22. The method of claim 1, comprising determining a clini 
cal condition associated with the biological sample based on 
the distribution, location, and type of immune cells. 

23. The method of claim 1, comprising removing the 
immune cells from the data representative of the epithelial 
region and the Stromal region. 

24. A system for assessing a biological sample from a 
patient comprising: 

a memory storing instructions for: 
acquiring image data of a biological sample representa 

tive of a respective plurality of probes bound to a 
respective plurality of targets in the biological 
sample, wherein at least one of the plurality of probes 
comprises an epithelium probe, a membrane probe, a 
cytoplasm probe, or nuclear probe specific for a cell 
nucleus and wherein at least one of the plurality of 
probes comprises an immune probe specific for an 
immune marker; 

segmenting epithelial and stromal regions of the sample 
to identify single cells within each region, wherein 
identifying individual cells in the epithelial region or 
the stromal region comprises using image data repre 
sentative of the epithelium probe, the membrane 
probe, the cytoplasm probe, or the nuclear probe and 
wherein identification of cells in the stromal region 
comprises segmenting the epithelial region of the 
sample to generate an epithelial mask and classifying 
regions not contained within the epithelial mask as 
one or more of the stromal region or background; 

identifying immune cells among the single cells based 
on the image data representative of the immune 
marker, wherein identifying comprises reclassifying 
single cells in the sample as immune cells based on a 
signal from the immune probe above a threshold 
value; and 

determining a distribution, location, and type of a plu 
rality of immune cells in the biological sample; and 
a processor configured to execute the instructions 

stored in the memory. 
25. A system for assessing a biological sample from a 

patient comprising: 
a memory storing instructions for: 

acquiring image data of a biological sample representa 
tive of a respective plurality of probes bound to a 
respective plurality of targets in the biological 
sample, wherein at least one of the plurality of probes 
comprises a nuclear probe specific for a cell nucleus 
and wherein at least one of the plurality of probes 
comprises an immune probe specific for an immune 
marker; 

segmenting epithelial and stromal regions of the sample 
to identify single cells within each region, wherein 
identifying individual cells in the epithelial region or 
the stromal region comprises using image data repre 
sentative of the nuclear probe and wherein identifica 
tion of cells in the stromal region comprises segment 
ing the epithelial region of the sample to generate an 
epithelial mask; and 
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identifying immune cells in the epithelial region among 
the single cells based on the image data representative 
of the immune marker, wherein identifying comprises 
reclassifying single cells in the epithelial region as 
immune cells based on a signal from the immune 
probe above a threshold value; and 

a processor configured to execute the instructions stored in 
the memory. 

26. The system of claim 25, wherein the memory stores 
instructions for determining an epithelial maskedge, defining 
a tumor border based on the edge, and generating distance 
metrics of immune cells to the tumor border. 
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